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Abstract 

Background: Between July and September 2005, a preliminary sampling of the elderly population of Hizen-Oshima 
Island, Nagasaki Prefecture, Japan was conducted by the local hospital's nursing staff. 

Results: Reported here are preliminary results from this sample of 27 individuals with an average age of 71 years. 
Their ages ranged from 51 to 82 years, with a standard deviation (sd) of 7.4 years. In total, 33 aspects of physical 
and physiological variation were assessed on these 15 women and 12 men. As expected from previous studies of 
Japanese elders, our sample shows slightly elevated average blood pressure (142/81 mmHg, sd 16/10), but they are 
relatively lean (waist/hip = .9: sd 0.06) when compared to European or American standards. However, their average 
total cholesterol (TC = 210 mg/dl, sd = 42.8) is high compared to standards, as is their high-density lipoprotein 
cholesterol (HDLc = 55.4 mg/dl, sd = 15.1). Means, standard deviations (sd), ranges and upper bounds for quartile 
cut-points for all 10 variables used in the calculation of allostatic load (AL) were assessed. The overall average 
estimate for AL in this sample is 3.1 (sd = 1.58) and ranges from 1 to 7. 

Conclusion: AL shows variability across men and women, has little correlation with age, and is associated with 
physiological variation in blood glucose, dopamine and uric acid. 
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Introduction 

Among most populations today, more people are sur- 
viving past their sixth decades of life than ever before, 
emphasizing the need for understanding human 
physiological variation in senescence, aging, and degen- 
erative diseases. Still most of our current knowledge of 
senescent processes comes from Western, mainly US 
and European, samples. As we no longer accept the 
view that most physiological decrements occurring 
with age are "normal" [1-3], we also must move be- 
yond Western-centric understandings of senescent pro- 
cesses. Aging individuals must adapt to stresses 
imposed not only by their current environments and 
cultures, but also by their own survival and the ever- 
changing environments they encounter [2,4]. Among 
Western samples, loss of homeostasis secondary to 
altered DNA and protein expression, cellular 
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dysfunction and ultimately organ-system failure are 
associated with decrements in physiological and psy- 
chosocial adaptability and life span [1,2,5-8]. 

Recent research on Western elders has led to new 
measurements for assessing functional declines as 
aspects of biophysical, physiological and psychosocial 
senescence; among these are allostatic load (AL) and 
frailty [3,8-15]. Neither the applicability of AL and frailty 
indices to non- Western populations nor the degree to 
which their associations with detrimental outcomes vary 
across different populations and cultural backgrounds 
have been widely assessed [3,8,16]. Secondary to culture, 
environment, and genetic backgrounds, variability in 
aging and senescence across populations should produce 
differences not only in frailty and AL but also in their 
associations with age, morbidity and mortality. Exam- 
ined here is the degree to which an AL scale developed 
on US samples is associated with age and sex, usefully 
predicts morbidity (blood glucose, disability), and is 
associated with variation in physiological function (blood 
proteins and components) among Japanese elders. We 
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examine the degree to which AL is associated 
with physiological function and differences among older 
Japanese men and women living on Hizen-Oshima 
Island, Nagasaki Prefecture in 2005. In addition, we 
assess the degree to which these factors and their asso- 
ciations with AL are influenced by sex and age in this 
elderly sample of Japanese citizens. 

Background 

AL was designed to assess the cumulative effects of stress 
and stress responses on the soma. As originally devel- 
oped, AL was assessed using a composite score of systolic 
and diastolic blood pressure, total and HDL-cholesterol, 
waist/hip ratio, glycated hemoglobin (Hb), serum 
dihydroepiandosterone-sulfate (DHEA-s), and urinary 
Cortisol, noradrenaline and adrenaline (see Table 1; [8,10- 
13]). AL is an additive measure, determined by scoring 
its components as 1 in the highest quartile of risk (in the 
original formulation, the fourth for all but HDL- 
cholesterol and DHEA-s, for which highest risk is in the 
lowest quartile) and summing across measures (Table 1). 
Among US elders, AL correlates with age and predicts 
future dysfunction and mortality. Assessments often 
include other possible components of AL: for example 
C-reactive protein (CRP), glutathione, superoxide dismu- 
tase or pyruvate kinase [8]. AL appears to be associated 
with sarcopenia and reduced energy expenditure, 
reduced nutrition, weight loss, weakness, exhaustion, low 
physical ability and ultimately hospitalization and death. 
Given that several of the measures used to calculate AL 
also are included in the definition of Syndrome X, it 
could be suggested that AL is just another way of asses- 
sing Syndrome X. Elsewhere, we have shown that AL is 
not necessarily correlated with other aspects of glucose 
metabolism, such as blood glucose when glycated Hb 
and glucose are included or dropped from assessments of 
AL [3]. 

Study location 

A Japanese sample is ideal for this study: they are among 
the longest-lived people worldwide, are relatively homo- 
geneous genetically, and persons residing in different 



Table 1 The components of allostatic load after McEwen 
(1999) 



Secondary mediators 


Primary mediators of stress 


of stress 




Systolic and diastolic 


Serum dihydroepiandosterone - sulfate 


blood pressure 




Waist/hip ratio 


Overnight urinary Cortisol, 




adrenaline, noradrenaline 


HDL-cholesterol and 




total-cholesterol 




Glycated hemoglobin 



regions of Japan follow different life styles. The popula- 
tion of Japan has aged rapidly in the late 20 th and early 
21 st centuries, partly due to low and declining birth rates 
and partly due to improved survival at all ages, but par- 
ticularly among those aged 65 years and older. This in- 
crease in older residents has led to increased needs for 
healthcare and pensions, but these elders may also show 
improved active life spans and health spans. Today about 
one-fifth of the Japanese population is aged 65 years and 
older; by 2020 this percent may rise to one-fourth of the 
127 million total population wherein 25.6 million people 
currently are aged 65 years and older [17]. Of these, 
25,000 are already centenarians and life expectancy was 
already 85.6 years among women in 2005 and 78.6 years 
among men. Given their increasing numbers, finding a 
simple method for predicting health outcomes and sur- 
vival of elders will aid in focusing healthcare interven- 
tions and target those in most need for additional care. 

Hypotheses 

Hypotheses tested here are: 1) AL differs between eld- 
erly Japanese men and women. 2) Higher AL is asso- 
ciated with older ages, greater morbidity and more 
extreme values of physiological factors observed in 
blood samples indicating poorer health. 3) Poorer 
responses to an Index of Competence designed by the 
Tokyo Metropolitan Institute of Gerontology are asso- 
ciated with higher AL. 

Population 

At the time of this survey in 2005, the total population 
of Hizen-Oshima Island was 5,792 persons [17]. Of 
these, 2,917 were aged 50+ years, 1,523 were aged 65+ 
years, 733 were aged 75+ and 60 were over 90 years of 
age [17]. Until recent decades, a majority of residents 
practiced at least some traditional agriculture and fishing 
for their sustenance; however, Hizen-Oshima Island also 
was a major source of coal throughout the 19 th and 20 th 
centuries. During this period, large villages developed on 
the west side of the island facing Nagasaki. Additionally, 
100's of persons migrated into this area from both the 
main island and other areas of Hizen-Oshima Island to 
work in the coal mines and provide needed services to 
miners. In the mid-20 th century, coal mining was aban- 
doned and the port converted to use for ship building. 
Today, the shipyard continues to provide wage labor and 
economic stability to the western coast. Although the 
eastern coast has remained more traditional, prosperity 
and non-local foods and customs have permeated the 
entire island. This process accelerated during the late- 
20 th century following construction of a bridge linking 
the northwest coast of Hizen-Oshima Island to the main 
island. 
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Methods 

Sample 

Between July and September 2005, a preliminary sam- 
pling of the elderly population of Hizen-Oshima Island, 
Nagasaki Prefecture, Japan was conducted by the local 
hospitals nursing staff under the direction of collaborat- 
ing physicians, as part of the Japan Society for the Pro- 
motion of Science funded project, "Allostatic Load 
Among Hizen-Oshima Island Residents." Hizen-Oshima 
residents receive health care at a single centrally located 
hospital, providing a single source for medical diagnoses 
and a single location to conduct medical exams. Dr. Y. 
Kusano hired nurses at Hizen-Oshima Island Medical 
Center to aid in biomedical protocols (blood draws, 
overnight urine collections and assessments of blood 
pressure). Each participant responded to a questionnaire 
including current perceptions of their health, previous 
health conditions, their current and past activity levels 
and the TMIG Index of Competence (Tokyo Metropol- 
itan Institute of Gerontology Index of Competence). The 
TMIG index totals 13 questions about physical and so- 
cial competency divided into 3 domains: Instrumental 
Self-Maintenance - 5, Intellectual Activity - 4, and Social 
Role - 4. Positive answers (ability to complete a task) 
are scored as 1; negative answers (inability to complete) 
are scored as 0. Scores are then summed similar to 
how AL is determined, except that higher TMIG scores 
indicate better function and less disability. Participants 
were recruited at their annual government sponsored 
physical examination through public health centers. 
Details and significance of the project, as well as the 
voluntary nature of participation were explained at the 
point of contact and all study protocols were incorpo- 
rated into annual physical examination. Thus, as part 
of this study, each participant was provided additional 
testing of their blood chemistries, lipids and other med- 
ically important assessments. As hospital records, data 
generated by this project respected individual privacy 
and autonomy of participants to the highest degree 
possible, while also being available for clinical staff to 
use in treatment and diagnoses. Prior to being mea- 
sured or completing any study protocols, participants 
provided informed consent according to protocols estab- 
lished at the Graduate School of Human Life Science, De- 
partment of Interdisciplinary Studies for Advanced Aged 
Society, Osaka City University. 

Reported here are preliminary results from a random 
sample of 27 individuals with an average age of 71 years 
(Table 2). Ages ranged from 52 to 89 years, with an sd 
of 7.4 years (Table 3). Table 3 also provides descriptive 
statistics for variables examined for associations with 
allostatic load. In total, 33 aspects of physical and 
physiological variation were assessed for these 15 women 
and 12 men. Although this is a rather small sample of 



Table 2 Descriptive statistics and cut-points for 
estimating allostatic load of elderly Hizen-Oshima Island 



residents 


Variable 


Mean (sd) 


Range 


1 st Q 


2 nd Q 


3 rd Q 


SBP 


142 (16.4) 


1 06 to 1 72 


134 


140 


155 


DBP 


81 (10.4) 


60 to 94 


70 


80 


90 


W/H 


0.9 (.065) 


0.74 to 0.97 


0.80 


0.87 


0.89 


HDLc 


55.4 (15.1) 


32 to 84 


44 


50 


60 


TOTc 


210 (42.8) 


142 to 315 


182 


203 


238 


Hb-g 


5.4 (0.30) 


4.9 to 6.2 


5.2 


5.3 


5.5 


DHEA 


669 (366.6) 


89 to 1580 


408 


585 


854 


CORT 


15.5 (7.79) 


2.8 to 30.1 


9.1 


14.5 


22.6 


AD 


6.8 (6.41) 


1 to 31 


3.0 


5.0 


7.8 


NAD 


76.6 (44.2) 


23 to 166 


44 


64 


108 



* Quartile cut-point for HDL-c and DHEA is the upper bound of the 1 st . 
Abbreviations: SBP/DBP systolic/diastolic blood pressures, W/H waist: hip ratio, 
TOTc/HDLc total/high density cholesterol, Hbg glycated hemoglobin. DHEA 
Serum, dihydroepiandosterone - sulfate; CORT/AD/NAD, Cortisol, adrenaline, 
noradrenaline. 



the total population aged 50+ years residing on the is- 
land, it does include about 0.9% of these and likely is 
sufficient to provide preliminary estimates of trends to 
be expected in associations of allostatic load with 
physiological outcomes among elderly residents of 
Hizen-Oshima Island. For one, residents maintain rela- 
tively similar lifestyles and are exposed to similar stres- 
sors and risk factors. Second, we have sampled randomly 
within a restricted age range of individuals who experi- 
enced similar historical events. Finally, participants came 
from all areas of Hizen-Oshima Island and do not repre- 
sent a single local enclave. 

Statistical analysis 

Means, standard deviations (sd), ranges and quartile cut- 
points were calculated for all variables used to estimate 
allostatic load (Table 2). As previously described, obser- 
vations falling in the highest risk quartile were scored 
one and then summed to determine an allostatic load 
score. Differences between older and younger partici- 
pants and between men and women were estimated and 
examined for statistical significance using standard t- 

Table 3 Descriptive statistics and ranges for dependent 



variables of elderly Hizen-Oshima Island residents 





Variable 


Mean (sd) 


Range 


AGE 


(years) 


70.8 (7.4) 


51 to 82 


WBC 


(count/mm 3 ) 


5,834 (1,516) 


3,500 to 9,700 


GOT 


(IU/L) 


25.6 (6.7) 


13 to 43 


GPT 


(IU/L) 


20.0 (8.8) 


8 to 42 


Dopamine 


(ng/dl) 


747 (752) 


139 to 3,490 


Uric Acid 


(ng/dl) 


5.1 (1.2) 


3.1 to 7.2 


Glucose 


(mg/dl) 


116.8 (18.7) 


94 to 1 74 
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tests comparing means. In these analyses, the indicator 
variable for sex was coded as 0 for women and 1 for 
men. Thus, results for sex differences reported as "sig- 
nificantly associated" indicate that men were higher and 
"significantly negatively associated" will indicate that 
women have a higher mean value for that measure. 
Similarly, main associations of AL with physiological 
variables were estimated using t-tests based upon a gen- 
eral liner model. Based upon observed univariate asso- 
ciations of AL, multiple regression models were used to 
determine independent effects of AL on several physio- 
logical measures controlling for age and sex. 

Results 

Slightly elevated average blood pressure (142/81 mmHg, 
sd 16/10) is observed in this sample of Japanese elders 
(Table 2) compared to the United States (136/74 mmHg), 
but not European standards (150/85 mmHg at ages 65 
to 69 years; see [18]). A relatively lean body habitus 
(waist/hip = 0.9: sd 0.06) also is observed in this sample 
compared to European men aged 55 to 64 years old 
(range 0.89 to 1.01), but not women (0.79 to 0.82; see 
[19]). Average total cholesterol (TC = 210 mg/dl, sd = 
42.8) is rather high compared to international standards 
wherein less than 200 mg/dl is considered desirable. 
Conversely, high-density lipoprotein cholesterol 
(HDLc = 55.4 mg/dl, sd = 15.1) in this sample (Table 2) is 
above the 50 mg/dl determined as the international 
standard for healthy HDL- cholesterol; the ratio of total 
cholesterol to HDL-cholesterol of 3.8 in this sample is at 
the level determined as low risk (3.8 to 4.0 mg/dl) by 
international standards. Means, standard deviations (sd), 
ranges, and upper bounds for quartile cut-points for all 
10 variables used in the calculation of allostatic load 
(AL) are listed in Table 2. 

The overall average estimate for AL in this sample is 
3.1 (sd = 1.58) and ranges from 1 to 7. There is a slight, 
non-significant tendency for estimated AL to be higher 
among those of younger age (3.4, standard error (se) = 
0.457, P = 0.378) when the sample is divided into higher 
(2.9, se = 0.61) and lower age classes based upon the 
mean age of 71 years. However, age explains only about 
3% of the variation in AL. Using regression, no signifi- 
cant linear or quadratic association of AL with age was 
observed (P >0.35 for both comparisons). Women 
showed lower AL on average (2.6, se = 0.37) than did 
men (3.7, se = 0.60). This difference was of borderline 
statistical significance (P = .088), explaining about 12% of 
the total variance in AL. 

In this Hizen-Oshima Island sample, estimated AL is 
poorly predictive of blood glucose mg/dl (Table 3 
includes means, standard deviations, ranges for outcome 
variables). A single unit increase in AL is associated with 
a 2.5 mg/dl decrease in blood glucose in this sample 



(se = 2.31, P = 0.30). AL only explains about 4% of the 
total variance in blood glucose, although glycated 
hemoglobin is included in the estimate of AL. Data from 
a number of studies also suggest that AL is associated 
with both physical and physiological dimensions of dis- 
ability and frailty. In this sample, we collected data on 
ADLs (Activities of Daily Living) as indicated by an Index 
of Competence designed by the Tokyo Metropolitan Insti- 
tute of Gerontology. Little variation in the Instrumental 
scale was observed (range 4 to 5, mean 4.89, sd = 0.32). 
Greater variation was observed in the other two sub- 
scales: Intellectual - range 0 to 4, mean = 3.04, sd=1.13; 
Social - range 1 to 4, mean 3.41, sd 0.97. AL showed no 
significant associations with the total or any of the three 
sub-scales (P >0.40 for all four comparisons). 

Because AL assesses stress from physiological arousal 
(hormones), subsequent poor health outcomes, and 
physical alterations (anthropometrics, lipids), AL was 
examined as a mediator of the psycho-physiologically ac- 
tive neurotransmitter, dopamine (mg/dl), a systemic 
antioxidant, uric acid (mg/dl), enzymes associated with 
liver function (GOT - glutamic oxaloacetic transaminase 
and GPT - glutamic pyruvic transaminase), and aspects 
of immune (WBC - white blood cells) and kidney func- 
tion (creatine). In this sample, the strongest association 
of AL with any aspect of physiology is with the neuro- 
transmitter dopamine, which averages about 747 ng/ml 
(sd = 752) (Table 4). For every one-unit increase in AL, 
dopamine increases about 184 ng/ml of blood 
(se = 87.9 ng/ml, P = 0.05) (Table 4), explaining about 
15% of the total variation in dopamine for this sample. 
Similarly, AL is relatively strongly associated with uric 
acid mg/dl (mean 5.1, sd=1.2) (Table 3), explaining 
about 12% of the total variation in uric acid levels for 
this sample (se = 0.15, P = 0.07). For every unit increase 
in AL, uric acid increases 0.274 ng/dl (Table 4). When 
age, sex and AL are jointly entered into multiple regres- 
sion, AL remains positively associated with GPT 
(P = 0.021), blood sugar (P = 0.053), serum dopamine 
(P = 0.011), and WBC counts (P = 0.103), independent of 
sex and age (Table 4). Associations with blood pressure, 
blood sugar, noradrenalin, Cortisol, and DHEA-s are 
expected, as these variables were included in the construc- 
tion of AL. However, associations with dopamine (a 
neurotransmitter), uric acid (an antioxidant), GPT (a liver 
enzyme), and WBC counts (an indicator of inflammation), 
all aspects of physiology reflective of frailty, are not due to 
the construction of AL. 

Discussion 

In this sample, AL is associated independently with 
physiological variation, including dopamine, uric acid, 
GPT, and WBC counts, and shows variability across 
men and women, but is only poorly correlated with age 
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Table 4 Bivariate and multivariate associations of allostatic load with physiology among elderly Hizen-Oshima Island 
residents 



BIVARIATE ANALYSES 


Independent variables 


Dependent variable 


Regression coefficient 


SE 


P 


R 2 


AL 


Glucose 


- 2.47 


2.31 


0.30 


0.04 


AL 


Dopamine 


184.4 


87.9 


0.05 


0.15 


AL 


Uric acid 


0.274 


0.15 


0.07 


0.12 


AL 


White blood cells 


349.3 


179.1 


0.06 


0.13 


AL 


GPT 


1.86 


1.05 


0.09 


0.11 


AL 


GOT 


-0.292 


0.88 


0.74 


0.04 


Age 


AL 


-0.550 


0.61 


0.38 


0.03 


Sex (male= 1) 


AL 


1.075 


0.60 


0.09 


0.12 


MULTIVARIATE MODELS CONTROLLING FOR AGE AND SEX 


Age 


Glucose 


- 0.006 


0.48 


0.99 




Sex 


21.42 


7.54 


0.01 






AL 




-4.79 


2.34 


0.05 


0.32 


Age 


Dopamine 


15.1 


19.6 


0.89 




Sex 




- 645.2 


309.6 


0.05 




AL 




265.1 


96.1 


0.01 


0.29 


Age 


Uric acid 


-0.036 


0.03 


0.23 




Sex 




1.452 


0.47 


0.005 




AL 




0.080 


0.14 


0.45 


0.38 


Age 


White blood cells 


- 463.2 


597.0 


0.45 




Sex 




32.9 


37.8 


0.39 




AL 




315.1 


185.4 


0.10 


0.12 


Age 


GPT 


-0.136 


0.23 


0.55 




Sex 




- 7.04 


3.57 


0.06 




AL 




2.75 


1.11 


0.02 


0.30 


Age 


GOT 


-0.247 


0.18 


0.19 




Sex 




-6.00 


2.89 


0.05 




AL 




0.189 


0.90 


0.84 


0.29 



(The first eight rows are bivariate results, while the lower rows present the same analyses including the effects of age and sex). 



and serum glucose. Given the restricted age range in this 
sample (51 to 82 years) and its small size, it is not sur- 
prising that little association of AL with age was 
observed. Additionally, reported associations are based 
upon a slightly higher alpha value (0.10) than the stand- 
ard 0.05. However, this seems reasonable given the ex- 
ploratory nature of this study and the small sample size 
obtained for this pilot study of methods and techniques. 
It is interesting that in this older sample, AL shows sig- 
nificant associations with a neurotransmitter, a liver en- 
zyme, an antioxidant, and an inflammatory marker, 
measures representing a variety of somatic functions 
widely reported to be altered with senescence/aging and 
associated with cognitive function and frailty. Inflamma- 
tion has been described as "the fire of frailty" by Walston 
(2005) and colleagues (Fried et al 2004) [9,15]. The 
observed borderline association of WBCs with AL in this 



small sample suggests a connection between these two 
measures of function in elders and processes of senes- 
cence. Similarly, the association between AL and uric 
acid suggests a connection between reactive oxygen spe- 
cies and higher AL. Although these later are conjectures 
from the observed data, they do suggest that further ex- 
ploration of how AL is associated with physiological 
function in older Japanese adults is warranted. No sig- 
nificant associations of AL with the TMIG index or any 
of its three subscales were observed. This suggests that 
although AL influences physiological variation among 
elderly Japanese, these effects are not altering elders' 
somatic competence. 

Data reported here also indicate that AL may be use- 
fully applied across cultures to assess alterations in 
physiological risks and differences across subgroups 
within populations that may be associated with 
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senescence/aging. Most importantly, we observed that AL 
in this sample is most closely associated with two aspects 
of physiology, serum dopamine and uric acid concentra- 
tions that have been shown to decline with age in other 
samples, see [7]. Additionally, older Hizen-Oshima Island 
women show lower AL than do older men, as would be 
expected given that women commonly live longer. How- 
ever, in other samples, women tend to report greater dis- 
ability at older ages than do men [20]. Finally, unexpected 
associations of AL with enzyme function and inflamma- 
tion require further investigation. 
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